Abstract: The aim of this study is to investigate the incidence of unplanned reoperations from all causes due to bleeding in neurosurgical patients.
INTRODUCTION
A large proportion of preventable adverse events in hospitalized patients occur in patients treated surgically. [1] [2] [3] The percentage of preventable adverse events that are experienced by surgical patients has been reported to range from 48% to 79%. 2 To reduce the incidence of adverse events, and thereby improve the quality of care requires systematic measurement and prospective recording. [1] [2] [3] [4] However, in general practice, there is a lack of appropriate systematic measures.
1 Mortality is too rare to be used as such a measure, and nonfatal complications are often associated to such a large degree with specific procedures that they would not be useful as a measure for wide application to general surgical procedures. 1 There have been suggestions that unplanned reoperations, being relatively nondiscretionary and discrete events, might be useful as a quality of care indicator. [1] [2] [3] [4] [5] Tracking the rate of unplanned reoperations in surgical patients has been used as an indicator of quality of care in some European countries. 4, 6 This measure has the advantage of being broadly applicable because it can occur following almost any surgical procedure. 1 The incidence of unplanned reoperations has been used as a metric in a number of surgical disciplines, [5] [6] [7] [8] [9] and is related to mortality in some patient populations. 9, 10 However, there have been few studies examining its used with respect to neurosurgical procedures. 2, 11 Because in many cases an unplanned reoperation is performed for bleeding complications, the rate of unplanned neurosurgical reoperations for bleeding might be used as a quality of care indicator.
This retrospective study was performed to determine the incidence of unplanned reoperations from all causes and due to bleeding in neurosurgical patients treated at our institution, and review the literature for studies that examined unplanned reoperations in neurosurgical patients to provide data for comparison.
MATERIALS AND METHODS

Hospital Record Review
The medical records of patients who received neurosurgical procedures at our hospital were retrospectively reviewed. Data extracted from the records included participants' age and sex, diagnosis of patients, type of surgery performed, reason for unplanned return to the operating room, number of unplanned reoperations, number of unplanned reoperations due to bleeding, and surgical adverse events. This study was approved by the Institutional Review Board of our hospital, and because of the retrospective nature of the study, the requirement of informed patient consent was waived.
Outcome Measures and Statistical Analysis
The primary outcome measures were the rate of unplanned reoperations from all causes and the rate of unplanned reoperations due to bleeding. Patient characteristics were summarized as mean AE standard deviations (SD) with range for continuous data and number (percentage) for categorical data. For determining the association of postoperative bleeding with patient characteristics, patient data were represented as number (%) or median with interquartile range (IQR). Univariate binary logistic regression analysis was used to identify patient characteristics that might be associated with postoperative bleeding requiring reoperation. Results were presented as odds ratio (OR) with corresponding 95% confidence intervals (95% CI) and P value. Statistical analyses were performed using SPSS 15.0 statistics software (SPSS Inc, Chicago, IL). Statistical assessments were 2-tailed, and a value of P < 0.05 was considered to indicate statistical significance.
Literature Search Strategy and Selection Criteria
The Medline, Cochrane Library, EMBASE, and Google Scholar databases were searched until November 2013 using combinations of the following keywords: neurosurgery, hemorrhage, bleeding, reoperation, return, revision, postoperative, and unplanned surgery. Reference lists of relevant studies were handsearched.
Studies were included if patients who underwent neurosurgery had to return to the operating room due to complications such as bleeding or infection. Case reports and non-English studies were excluded. Studies were identified by the search strategy by 2 independent reviewers. Where there was uncertainty regarding eligibility, a third reviewer was consulted and the decision for inclusion was arrived at by consensus.
Data Extraction
The following data were extracted from studies that met the inclusion criteria: name of the first author, year of publication, study design, number of participants in each group, participants' age and sex, diagnosis of patients, type of surgery performed, reason for unplanned return to the operating room, number of unplanned reoperations, number of unplanned reoperations due to bleeding, and surgical adverse events.
Quality Assessment
Each study was assessed for quality by using an 18-item modified Delphi checklist, which is a validated tool for assessing the quality of an observational study, including potential bias, with no control group. 12 This checklist includes quality control measures such as a clearly stated hypothesis, follow-up data, eligibility standards, and length of follow-up.
RESULTS
Hospital Record Review
A total of 68 neurosurgical patients received an unplanned reoperation at our hospital, and their characteristics are summarized in Table 1 . The mean age of the patients was 41.5 AE 21.5 years (range, 7 months-76 years). More than 70% of the patients were older than 18 years, 64.7% were males, 94.1% had cranial surgery, and 10.3% had traumatic injuries. The mean time of the first operation was 210.6 min (range, 25-525 min) and 5 patients (7.4%) received anticoagulation. Almost 60% of the patients received >1 blood transfusion (58.8%) after receiving the first operation.
Among the 68 patients who received an unplanned reoperation, 35 (51.5%) received the reoperation due to bleeding and the result of the univariate logistic regression analysis comparing the 2 groups is shown in Table 2 . Of the characteristics compared, the only significant difference between the 2 groups was the interval between the first surgery and the reoperation. Reoperations due to bleeding occurred significantly earlier than reoperations due to other causes (P ¼ 0.033).
Literature Review
A flow diagram of study selection is shown in Figure 1 . A total of 229 studies were initially identified, and of these 13 fulltext articles were reviewed. Of the 13 articles, 8 were excluded and 5 were included in the review.
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The 5 studies included in the review were retrospective studies, and they are summarized in Tables 3 and 4 . The number of patients ranged from 95 to 879, and the total number of patients was 1375. The age of the patients ranged from 1 month to >80 years. The reasons for unplanned reoperations included infection, hemorrhage, seizure, brain edema, hematoma, ischemia, cerebellar hemorrhage, tension pneumocephalus, compression of internal carotid arteries, subarachnoid hemorrhage and intracerebral hematoma, and shunt malfunction. Among the 1375 patients, there were 211 (15.3%) unplanned reoperations; however, the study by Lau et al 13 did not report the total number of unplanned reoperations (only the number due to bleeding were reported). Of the 211 reoperations, 64 (30.3%) were due to bleeding ( Table 4 ). The rate of reoperations for bleeding in the 5 studies ranged from 4.2% to 31.5%
Adverse events that occurred during the unplanned reoperations included infection, fever, laryngitis, hypothermia, ataxia, severe disability or vegetative state, mortality due to extensive stroke, mild right hemiparesis, ischemia, and cross motor slight dyscoordination.
The results of Delphi quality assessment of these 5 studies are shown in Table 5 . The 5 studies were generally of high quality with low risk of bias.
DISCUSSION
To our knowledge, this is the first study to focus on the rate of reoperations due to bleeding in neurosurgical patients. The analysis of data from our hospital indicated that the time interval between the first operation and the reoperation was significantly shorter when the reoperation was performed due to bleeding than when it was performed for other causes. This type of information might be useful as an indicator of surgical quality of care, and alert surgeons that the different complications might occur at different post-operative time points, and thus assist in diagnosis and treatment.
Comparing the series from our hospital with those included in the literature review, though a formal statistical analysis was not performed, patient age, sex distribution, diagnoses, surgical procedures performed, and the reasons for the unplanned reoperations were not dissimilar. Importantly, however, the rate of unplanned neurosurgical reoperations due to bleeding in the literature ranged from 4.2% to 31.5%, and the rate at our hospital during the study period was 51.5%. As the rate at our hospital was markedly greater than that reported in the literature, these data and the results of this analysis will be used to improve the quality of care and reduce the rate of unplanned neurosurgical reoperations at our hospital. Unplanned reoperations are relatively uncommon, 3 although the incidence varies greatly with reports ranging from 0.6% to 9.4%. 4 Examining the incidence of unplanned reoperations provides a number of potential advantages as an indicator of the quality of care. The number of procedures is relatively easy to identify by using administrative or clinical data. 3 Because unplanned reoperations can occur following almost any type of surgical procedure, their use as a metric is widely applicable. 1 Another advantage of examining the incidence of unplanned reoperations is that it provides surgeons with an opportunity to evaluate their performance. 4 Although the incidence of unplanned reoperations appears to provide a number of advantages as an indicator of quality of care, authors have pointed out the limitations of using data on unplanned operations for internal quality improvement. Birkmeyer et al 1 noted that for any specific procedure, the number of unplanned reoperations is relatively low, making it difficult to determine whether a high rate is due to chance or actual real problems, and it is difficult to the ''acceptable'' reoperation rate, and in addition determining when unplanned reoperations are ''preventable,'' or even if they are related to quality of care presents difficulties. Birkmeyer et al 1 also noted that using the incidence of unplanned reoperations for quality control with regard to general surgery has a number of downsides: differences in patient case-mix across hospitals could present problems for analyses; some reoperation rates might be a reflection of local practice rather than technical competence; and using reoperation rates might be a deterrent to surgeons carrying out timely procedures. Kroon et al 4 noted that before the incidence of unplanned reoperations can be used as an indicator of quality of care, an accurate and complete reoperation registry is necessary and the preoperative patient characteristics need to be correlated with the severity of the index operation. Other authors have also pointed out that an unplanned reoperation is related to the skill and judgment of the surgeon as well as the patient's condition and is thus in part determined by the case mix of the institution. 5, 17 Other study of general surgery has shown that a relatively small number of procedures account for a disproportion share of morbidity and mortality and efforts focused on these procedures may improve patient care. 18 Few studies have specifically focused on neurosurgical reoperations. Marini et al 2 described a pilot study of surveillance of unplanned return to the operating room after neurosurgical procedures using hospital information system payment information. A total of 1006 procedures were included in the analysis and of these a reoperation occurred in 152. In 73 cases, the unplanned reoperation was due to a surgical adverse event (SAE) of which there were 24 infectious SAEs, 23 hemorrhagic SAEs, and 26 SAEs related to other causes. In a recent study, Rolston et al 11 examined data of over 38,000 neurosurgical cases for the years 2006to 2011 acquired from the American College of Surgeons National Surgical Quality Improvement Program (NSQIP) database. Complications occurred in 14.3% of cases, and cranial cases were 2.6 times more likely to have complications than spine cases. Bleeding requiring transfusion (4.5%) was the most frequent complication and was followed by reoperation within 30 days from the initial surgery (4.3%) and postoperative failure to wean from mechanical ventilation (2.5%). Preoperative stroke, sepsis, blood transfusion, and chronic steroid use were found to be the significant predictors of complications.
There are several limitations to the study. This study determined the incidence of unplanned neurosurgical reoperations because of postoperative bleeding, but as the goal is to reduce postoperative bleeding, there is a need to preoperatively identify patients with an elevated risk for bleeding related to abnormalities of platelet function and coagulation. Both the systematic review and our case series lacked information on the preoperative laboratory examinations of patients. If patients are thoroughly examined before surgery, the frequency of unplanned reoperations might be reduced. The systematic review was limited because the time between the initial operation and the unplanned reoperation was not reported. Examination of the surgeries at our hospital showed that the time interval between the first surgery and reoperation was shorter when the reoperation was performed for bleeding than when it was performed for other causes. As this was a simple retrospective observational study, the risk factors for reoperation cannot be determined with certainty. With respect to the case series, potential recall bias might exist due to the retrospective observational study design. However, we believe the impact of bias is very limited because all of the results were obtained from reviewing the medical charts, and this is not altered by recall or patients' memory. With respect to the literature review, potential bias was evaluated by assessing the quality of the included studies using the 18-item modified Delphi checklist, which is a validated tool for assessing the quality of an observational study with no control group. The included studies were generally of high quality, suggesting that the risk of bias is low.
In conclusion, the incidence of unplanned reoperations after neurosurgical procedures varies considerable and can be high, and in many instances, the reoperation is performed due to bleeding. Employing measures to reduce postoperative bleeding may help reduce the rate of unplanned reoperations, and thereby improve the quality of surgical care.
